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KENICHI HARUMI, MD, FACC 
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The QRST area map has been related to susceptibility to 
ventricular tachyarrhythmias because it reflects the dispar- 
ity of ventricular recovery properties. However, the clinical 
value of the nondipolarity of the QRST area map, a marker 
of nonuniform ventricular repolarization, has not been 
fully studied in myocardial infarction. The nondipolarity of 
the QRST area map (residue), the ratio of minimized 
deviation by an optimal dipole to the total measured 
potentials, was quantitatively studied in relation to suscep 
tibility to ventricular tachycardia after myocardial infarc- 
tion. 
The residue of the QRST area map was higher in 59 
patients with myocardial infarction than in 44 normal 
subjects (25.0 ?Z 9.0 versus 17.8 f 3.3%, p < 0.01). 
Seventeen patients with ventricular tachycardia in the 
The most important predictors of mortality after myocardial 
infarction are the extent of myocardial necrosis and residual 
ischemia and the occurrence of ventricular arrhythmias 
(1,2). Sudden death in the convalescent and post-hospital 
phases of myocardial infarction is usually related to ventric- 
ular tachycardia/ventricular fibrillation (3,4). Reentry has 
been shown to play a major role in the development of 
ventricular tachyarrhythmias in the chronic phase of myo- 
cardial infarction (5-8). One of the important electrophysio- 
logic abnormalities for reentry is increased disparity in 
recovery properties (9-l 1). Disparate ventricular repolariza- 
tion, in turn, is the principal determinant of the QRST area 
(12-15). 
Recently, the clinical significance of the QRST area map 
as a noninvasive indicator of the increased risk of ventricular 
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chronic phase (>lO days) of myocardial infarction showed 
higher residue in their QRST area map (34.5 + 10.3%) 
than that in 29 patients without ventricular tachycardia 
throughout the study (22.7 f 6.7%) or that in 13 patients 
with ventricular tachycardia only in the acute phase 
(21.2 + 7.5%). QRST area maps with a residue ~25% 
(mean + 2 SD of normal subjects) identified patients with 
ventricular tachycardia in the chronic phase of myocardial 
infarction with a sensitivity of 82% and a specificity of 
71%. 
These results suggest that quantitative assessment of the 
nondipolarity of the QRST area map is clinically useful for 
identifying susceptibility to ventricular tachycardia in the 
chronic phase of myocardial infarction. 
(J Am Co11 Cardiol1989;14:1530-6) 
tachyarrhythmias was shown in several studies (16-18). No 
studies have assessed the relation between the nondipolarity 
of QRST area maps and the occurrence of ventricular 
tachyarrhythmias after myocardial infarction. The present 
study was designed to assess the clinical value of quantita- 
tive analysis of the nondipolarity of QRST area distribution 
for identifying risk of ventricular tachycardia in the chronic 
phase of myocardial infarction. 
Methods 
Study subjects. The study population consisted of 44 
normal subjects and 59 survivors of acute myocardial infarc- 
tion. The normal subjects (all men) were 25 to 40 years old 
(average 31) had a normal 12 lead electrocardiogram (ECG) 
normal chest X-ray finding and no history of cardiovascular 
disease, and were not receiving medication. 
The diagnosis of acute myocardial infarction was con- 
jirmed by prolonged chest pain due to ischemia, character- 
istic ECG changes, and elevation of serum creatinine kinase 
and MB fraction levels. The 59 patients with myocardial 
infarction were admitted to the hospital within 24 h after the 
onset of chest pain. There were 48 men and 11 women, aged 
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44 to 73 years (average 64). Follow-up was completed on all 
patients in our outpatient clinic after they were discharged 
from the hospital. The duration of follow-up was the interval 
between the date of myocardial infarction and the date of 
follow-up completion or death (29 months, with a mean 
follow-up period of 33 2 18 months [range 3 to 661). Each 
patient underwent body surface potential mapping before 
hospital discharge, a mean of 33 2 6 days (range 24 to 46) 
after myocardial infarction. 
Not included in this study were patients with distinct 
serum electrolyte imbalances at the time of body surface 
potential mapping, patients with valvular heart disease or 
nonischemic cardiomyopathy, and patients with a history of 
previous infarction by documented history or ECG criteria. 
All patients gave informed consent. No complication oc- 
curred as a result of the study. 
Body surface potential mapping. All normal subjects and 
patients with myocardial infarction underwent body surface 
potential mapping. Body surface potentials were measured 
simultaneously, with Wilson’s central terminal as the refer- 
ence, from 64 points arranged in a matrix form of eight 
columns and eight rows on the anterior chest wall as 
previously described (19,20). Editing for waveform and drift 
of the baseline was performed in each lead and invalid leads 
were interpolated from surrounding lead values. The time 
integral area of QRST complexes was calculated at each lead 
as the algebraic sum of all potentials from the onset of the 
QRS complex to the offset of the T wave, multiplied by the 
sampling interval, and then displayed as an isointegral map. 
The time instants of QRS onset and T wave offset were 
visually determined by a sequential root-mean-square value 
curve of the measured potentials. The time integral is 
expressed in microvolt-seconds and each contour line con- 
nects points of equal time integral area on each QRST area 
map. 
Dipole analysis. To determine the nondipolarity for each 
QRST area map, the residue (see later) was estimated by 
means of multiple dipole analysis as developed by Okamoto 
et al. (21). This technique allows us to quantitate the 
nondipolarity on the surface potential distribution and to 
localize the optimal dipole. In brief, an infinite boundary 
plane is assumed to represent the body surface and the 
potential on the boundary plane is calculated corresponding 
to an electrical dipole in a uniform volume conductor. The 
location and the moment of the equivalent dipole were 
selected so as to minimize the proximity function. The 
proximity function (S) is defined as follows: 
h4 
S = C([meas, i - @al, i)‘, 
I= I 
[II 
where cmeas is the measured potential at point i, and &al is 
the calculated potential at point i on the body surface. 
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Figure 1. Classification of the 59 patients according to the presence 
(t) or absence (-) of ventricular tachycardia (VT) in the acute or 
chronic phase of myocardial infarction. DC = direct current cardio- 
version: SW. VT = sustained VT. 
To express the nondipolarity of the surface potentials, the 
term “residue” was introduced: 
Residue = J minimized proximity function (S) [meas.? 121 
The value of the residue is the averaged ratio of the nondi- 
polar component to the measured potentials over the thorax. 
Assessment of ventricular tachyarrhythmias. The occur- 
rence of ventricular arrhythmias was assessed with contin- 
uous ECG monitoring in the first 10 days after myocardial 
infarction and with 24 h ambulatory Holter recordings before 
and after hospital discharge. Continuous ECG monitoring 
was carried out with use of an oscilloscopic monitoring 
system in the coronary care unit. Additional continuous 
ECG monitoring was done in hospital, when needed, with a 
telemetry system during the convalescent phase of myocar- 
dial infarction. Twenty four hour ambulatory ECGs were 
recorded by an Avionics 2 channel recorder. Each 24 h tape 
was analyzed by a Dynamic Electrocardioscanner System 
(model DCG VII), which has shown a sensitivity of 93% 
(21A) for detecting ventricular tachycardia. 
The study patients were separated into three groups 
based on the presence or absence of spontaneous ventricular 
tachycardia in the acute or chronic phase of myocardial 
infarction. Ventricular tachycardia was defined as three or 
more sequential premature ventricular depolarizations at a 
rate of >lOO/min. The acute phase was defined as the first 10 
days after infarction and the chronic phase as later than 10 
days to the date of follow-up completion or death in this 
study. In 25 patients ventricular tachycardia developed in 
the acute phase (Fig. 1); 8 required cardioversion to alleviate 
hemodynamic compromise. Group I consisted of 29 patients 
without ventricular tachycardia throughout the study, and 
group II of 13 of the 25 patients with ventricular tachycardia 
in the acute phase but not in the chronic phase. Seventeen 
patients with ventricular tachycardia, including 9 with sus- 
tained ventricular tachycardia (>30 s or requiring cardiover- 
sion) in the chronic phase were classified as group III. 
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Table 1. Clinical Characteristics of 59 Patients With 
Myocardial Infarction 
No. of patients 
Age (yr) 
Male (o/o) 
Heart rate (beats/min) 
Bundle branch block (%) 
Anterior MI (%) 
ZST (mm) 
No. of involved coronary 
arteries (41 patients) 
LVEF (%) 
Use of antiarrhythmic 
agents (%) 
Death (%) 
Group I 
29 
59 + 14 
69 
68 2 6 
10 
52 
4.8 ? 2.9 
1.5 r 0.9 
55 2 14 
7 
0 
Group II 
13 
58 r 12 
77 
70 2 6 
8 
46 
3.9 t 2.0 
1.9 + 0.6 
53 + 16 
8 
8* 
Group III 
17 
54? 11 
94 
74 ? 8 
18 
59 
6.3 t 4.5 
1.8 t 0.8 
37 2 15*t 
94*t 
24*8 
*p < 0.01, versus group I; tp < 0.05 versus group II; Sp < 0.01 versus 
group II. MI = myocardial infarction; LVEF = left ventricular ejection 
fraction; ZST = sum of ST segment deviation. Group I = no ventricular 
tachycardia during study; Group II = ventricular tachycardia only in acute 
phase; Group III = ventricular tachycardia in the chronic phase. 
Other measurements. The sum of ST segment deviation at 
six chest leads in millimeters @ST) on the standard ECG 
recorded on the same day as the body surface map was 
measured to the nearest 0.05 mm at a point 0.06 s from the 
nadir of the S wave, using the TP segment as the isoelectric 
line. 
Cardiac catheterization was performed before hospital 
discharge in 41 of the 59patients with myocardial infarction. 
All patients underwent ventriculography and coronary angi- 
ography. Left ventricular ejection fraction was calculated by 
the area-length method. Significant coronary artery stenosis 
was defined as ~75% reduction in luminal diameter. In the 
remaining 18 patients, left ventricular ejection fraction was 
quantified with technetium-99m radionuclide ventriculogra- 
phy by means of the equilibrium multigated technique and a 
conventional Anger camera (Siemens Gammasonics, Inc.) 
equipped with an angulated, slant-hole collimator positioned 
in the left anterior oblique projection. 
Sixteen of the 17 patients (94%) in group III were being 
treated with antiarrhythmic agents at the time of body 
surface mapping (Table 1). Most of them were taking either 
disopyramide (eight patients) or mexiletine (seven patients) 
alone or in combination with other antiarrhythmic agents. It 
is possible that such agents affect the QRST area maps and 
result in different residue values. 
In another 15 patients with myocardial infarction (11 men 
and 4 women, aged 42 to 72 years), the body surface map 
was recorded before and 7 days after oral administration of 
300 mglday of disopyramide (9 patients) or mexiletine (6 
patients). The doses of antiarrhythmic agents were selected 
so as to be comparable with those used in the patients with 
ventricular arrhythmia. The location of infarction was ante- 
rior in eight and inferior in seven patients. 
Statistical analysis. Sensitivity was calculated as the num- 
ber of true positive results divided by the number of patients 
with ventricular tachycardia in the chronic phase of myocar- 
dial infarction. Specificity was calculated as the number of 
true negative results divided by the number of patients 
without ventricular tachycardia in the chronic phase. All data 
were expressed as mean ? 1 SD. The unpaired t test was used 
to compare differences between each group. The chi-square 
analysis was performed to compare proportions. A p value 
co.05 was considered statistically significant. 
Results 
Patient characteristics (Table 1). There were no signifi- 
cant differences among the three groups of patients with 
myocardial infarction with regard to age, gender, heart rate, 
bundle branch block, anterior location of infarction or num- 
ber of coronary arteries involved. Although group III (ven- 
tricular tachycardia in the chronic phase) tended to have 
greater ZST, the difference among the three groups was not 
statistically significant. However, group III had a lower left 
ventricular ejection fraction and a higher incidence of use of 
antiarrhythmic agents and of cardiac death during the study. 
Nineteen patients (2 from group I [no ventricular tachycar- 
dial, 1 from group II [ventricular tachycardia only in the 
acute phase], and 16 from group III) were being treated with 
a class 1 antiarrhythmic agent at the time of body surface 
potential mapping. Among the 17 patients in group III, 
ventricular tachycardia occurred before body surface map- 
ping in 12 and afterward in 15 patients; 10 of the patients had 
ventricular tachycardia before and after the body surface 
mapping and 5 first had ventricular tachycardia after the 
recording. In the remaining two patients, ventricular tachy- 
cardia occurred before body surface mapping but did not 
recur thereafter. Five patients died after body surface po- 
tential mapping (one from group II and four from group III); 
three patients died of congestive heart failure with ventric- 
ular tachyarrhythmia and two from myocardial infarction. 
Nondipolarity of QRST area maps. Figure 2 displays 8 
QRST area maps randomly selected: 4 from normal subjects 
(2A) and 4 from patients with myocardial infarction (2B). In 
contrast to the dipolar patterns with a lower residue value in 
the normal subjects, the pattern of QRST area maps varied 
with each patient with myocardial infarction and revealed 
dual maxima or minima, or both, associated with a higher 
residue value in some patients (Cases 7 and 8). The residue 
of the QRST area map was higher for the 59 patients with 
myocardial infarction than the 44 normal subjects (25.0 1- 9.0 
versus 17.8 ? 3.3%, p < 0.01) (Fig. 3). 
The individual and mean residue values for QRST area 
maps in normal subjects and the three groups of myocardial 
infarction are given in Figure 4. There was some overlapping 
in the individual residue values among the groups for the 
lower values. However, group III showed higher mean 
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Figure 2. QRST area maps randomly selected from four normal 
subjects (Cases I through 4) (a) and four patients with myocardial 
infarction (Cases 5 through 8) (b). The upper end of each map 
corresponds to the level of the clavicles, the left end to the left 
anterior axillary line and the right end to the right midaxillary line. 
The white area represents the positive, the stippled area the negative 
and the black area the zero time integral area, respectively. The 
residue values are shown in parentheses. The QRST area maps of 
normal subjects (a) display smooth isointegral contour lines with a 
single maximum and minimum. In contrast, the pattern of QRST 
area maps varies with each patient with myocardial infarction (b), 
and some of them have distortion of the contour lines (6,7,8) or 
multiple extrema (7,8) or both. The residue value becomes higher as 
the irregularity of the maps increases (5 through 8). 
residue values on the QRST area map than group I or II 
(34.5 2 10.3 in group III, 22.7 2 6.7 in group I and 21.2 -C 
7.5% in group II). 
Residue 
c;; 
30 - 
20 - 
10 - 
Normal Myocardial 
lnfarctlon 
Figure 3. Residue of the QRST area map in the 44 normal subjects 
and the 59 patients with myocardial infarction. Values are mean + I 
SD. 
Identification of ventricular tachycardia in the chronic 
phase of myocardial infarction with higher nondipolarity of 
the QRST area map (Table 2). We arbitrarily defined an 
abnormally higher nondipolarity of a QRST area map as a 
residue ~25% (a mean + 2 SD of that of normal subjects). A 
residue ~25% was found on the QRST area map in 8 (28%) 
of the 29 patients in group I, 4 (31%) of the 13 patients in 
group II and 14 (82%) of the 17 patients in group III. This 
shows a greater incidence of abnormally higher nondipolar- 
ity of QRST area maps for group III compared with group I 
or II (p < 0.01). As a result, the QRST area maps with a 
residue ~25% identified patients with ventricular tachycar- 
dia in the chronic phase of myocardial infarction with a 
sensitivity of 82% (14 of 17) and a specificity of 71% (30 of 
42). 
The effect of antiarrhythmic agents on the nondipolarity 
ofQR5’T area maps was examined by comparing the residue 
values for QRST area maps recorded before and after the use 
of class 1 antiarrhythmic agents (Fig. 5). In the 15 patients 
studied I to 2 months after the onset of myocardial infarc- 
tion, changes in residue values varied in the relatively 
narrow range of 1. I to 3.9%. There was almost no change in 
the mean residue value after use of class 1 antiarrhythmic 
agents (21.6 +- 6.3% versus 22.3 2 6.5%). 
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Figure 4. Residue of the QRST area map of normal subjects and the 
3 patient groups of myocardial infarction. The mean and 1 SD are 
also indicated for the 4 groups. NS = not significant. Group I = no 
ventricular tachycardia; Group II = ventricular tachycardia only 
during acute phase; Group III = ventricular tachycardia during 
chronic phase. 
Discussion 
Study patient considerations. The patients in this study 
were separated into three groups based on the presence or 
absence of ventricular tachycardia in the acute or chronic 
phase of myocardial infarction (Fig. 1, Table 1). There may 
have been some variation in detection of ventricular tachy- 
cardia in the acute phase because its occurrence was as- 
sessed by use of an oscilloscopic monitoring system (3). 
Nevertheless, ventricular tachycardia in the acute phase was 
found in 42% of our 59 study patients after continuous 
surveillance of arrhythmias in our coronary care unit. As a 
result, the incidence of ventricular tachycardia in the acute 
Table 2. Identification of Patients With Ventricular Tachycardia 
in the Chronic Phase of Myocardial Infarction by a Higher 
Nondipolarity of QRST Area Maps 
Residue 225% (n) 
Residue ~25% (n) 
Myocardial Infarction (n = 59) 
Group I Group II Group III 
8 4 14* 
21 9 3 
*p < 0.01 versus group I or II. Groups are as defined in Table 1 and text. 
-NS- 
C&rol On medication 
Figure 5. Residue of QRST area maps prior to (Control, solid 
circles) and after the administration of disopyramide or mexiletine 
(On medication, open circles) in 15 patients with myocardial infarc- 
tion. Individual and mean and 1 SD values are shown. NS = not 
significant. Class 1 antiarrhythmic agents had no significant effect on 
the residue values of QRST area maps. 
phase was as high as in reports (22-24) that used an auto- 
mated arrhythmia detection system or a continuous tape 
recording for subsequent analysis. 
To assess ventricular arrhythmias in the chronic phase of 
myocardial infarction, the patient’s 24 h ambulatory ECG 
was analyzed before and after hospital discharge. Twenty 
four hour ambulatory ECG monitoring is widely used and is 
an accepted noninvasive approach for exposing ventricular 
arrhythmias after myocardial infarction (2,25). In-hospital 
ECG monitoring using a telemetric system was also evalu- 
ated with respect to the occurrence of ventricular tachycar- 
dia. Thus, the occurrence of ventricular tachycardia may be 
assessed appropriately in the chronic phase of myocardial 
infarction. 
Nondipolarity of QRST area maps in normal subjects and 
patients with myocardial infarction. In 1934, Wilson et al. 
(12) proposed that the algebraic sum of QRST area was 
largely independent of the ventricular activation sequence 
and dependent on intrinsic ventricular recovery properties. 
A recent experimental study (13) supports the independence 
of the QRST area from the activation sequence. The direct 
evidence linking QRST area with ventricular repolarization 
has been provided by demonstrating that changes in QRST 
area on the epicardial surface correlate closely with changes 
in local refractory periods at the recording site (14). Detec- 
tion of the nondipolar component of the QRST area distri- 
bution thus may indicate increased disparity of ventricular 
repolarization (26,27). 
The nondipolarity of QRST area maps in this study was 
determined by means of multiple dipole analysis (21). The 
main advantages of this method are that it detects and 
quantifies a nondipolar component present in the body sur- 
face potentials and it localizes and quantifies the strength of 
the electromotive force. Although there exist an additional 
simplification (the plane boundary model for the human torso 
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without sampling from the back) and several methodologic 
limitations such as instability of the ECG inverse solution, 
inhomogeneity of the human body and variation of individual 
body build, the present method has been successfully applied 
for quantitative assessment of the nondipolarity in the normal 
QRS complex and the T wave (19) and the altered ventricular 
depolarization process of left bundle branch block with or 
without myocardial infarction (20). 
In our 44 normnl subjects, the QRST area maps generally 
displayed smooth isointegral contour lines, with a single 
maximum and minimum (Fig. 2), and the residue was as low 
as 17.8 % 3.3% (Fig. 3), suggesting highly dipolar QRST area 
maps, in agreement with previous studies (16,17,28). Normal 
ventricular repolarization has been represented by widely 
distributed electrical sources (29) and the single dipole 
approximation during the T wave has been considered to be 
appropriate for humans (19) as well as for animals (30). 
In contrast, the pattern of QRST area maps varied widely 
with each patient with myocardial infarction, had markedly 
irregular isointegral contour lines (Fig. 2) and showed signif- 
icantly higher residue (mean 25 -t 9%) (Fig. 3). This is 
consistent with previous studies (16,31) that showed that 
approximately one-fourth of patients with myocardial infarc- 
tion have a multipolar QRST area map by visual inspection, 
possibly reflecting the increased disparity of repolarization 
caused by myocardial infarction. 
Identification of ventricular tachycardia in the chronic 
phase of myocardial infarction by higher nondipolarity of 
QRST area map. There has been increasing interest in 
detecting the substrate for life threatening arrhythmias by 
means of noninvasive techniques, such as the recording of 
late potentials to detect delayed and fragmented ventricular 
activation from the body surface (24,32-34) and the use of 
QRST area maps. Several studies (16-I 8) on the contribution 
of the QRST area map as a marker of increased risk of 
development of malignant ventricular tachyarrhythmias 
have been reported. Multipolar QRST area maps as deter- 
mined by visual interpretation have been found in patients 
resuscitated from ventricular fibrillation or sustained ven- 
tricular tachycardia (16) and in some patients with exercise- 
induced ventricular arrhythmias on postexercise maps (18). 
Moreover, studies (17,26,27) using an eigenvector analysis 
have shown that the nondipolar content of QRST area maps 
is greater in arrhythmia-prone subjects. 
The results of our study show that although the individual 
residue values among the three patient groups may overlap, 
those with ventricular tachycardia in the chronic phase of 
myocardial infarction (group III) had significantly higher 
mean residue on their QRST area maps than the patients 
without ventricular tachycardia throughout the study (group 
I) or those with ventricular tachycardia only in the acute 
phase (group II) (Fig. 4). Further, QRST area maps with a 
residue ~2.5% were found more frequently in patients with 
ventricular tachycardia in the chronic phase of myocardial 
infarction than in the other two groups (Table 2). Thus, 
identification of patients with ventricular tachycardia in the 
chronic phase of myocardial infarction appeared to be more 
accurate with the use of higher nondipolarity of the QRST 
area map. Hence, although the model for cardiac electrical 
activity differs, our study further suggests the clinical value 
of the quantitative assessment of the nondipolarity of QRST 
area maps for the detection of the substrate for ventricular 
tachyarrhythmias. 
The finding that the residue of QRST area maps was 
lower in the 13 patients of group II, with ventricular tachy- 
cardia only in the acute phase, may be explained by the time 
difference between the occurrence of ventricular tachycardia 
and the body surface potential mapping (performed on the 
33rd day, on average, after infarction). Furthermore, most of 
these patients were not treated with antiarrhythmic agents in 
the chronic phase and had no recurrence of ventricular 
tachycardia, possibly relating to the disappearance or atten- 
uation of the predisposing factors for ventricular tachycardia 
after the acute phase of myocardial infarction in these 
patients. 
Study limitations. While QRST area maps primarily de- 
pend on ventricular recovery properties, other factors influ- 
encing the QRST area distribution have been reported 
(14,16,26). Among several factors studied in our patients, 
there were no significant differences among the three groups 
in heart rate, bundle branch block, or ST segment deviation. 
Thus, it is unlikely that our results were significantly affected 
by these factors. Antiarrhythmic agents may have influenced 
the results; most patients with ventricular tachycardia in the 
chronic phase of myocardial infarction were being treated 
with class 1 antiarrhythmic agents at the time of body 
surface mapping. However, the nondipolarity of QRST area 
maps was not significantly influenced by their use in the 
patients with myocardial infarction (Fig. 5). This is consist- 
ent with studies (16,35) that indicate that QRST area maps 
may not be greatly affected by the use of such agents except 
amiodarone. Further study is needed to clarify the effect of 
various antiarrhythmic agents on the nondipolarity of QRST 
area maps. 
Conclusions. Because it is desirable to identify the in- 
creased risk of ventricular tachyarrhythmias after myocar- 
dial infarction by noninvasive methods, QRST area mapping 
should be useful. However, because application of QRST 
area mapping is limited to patients in whom increased 
disparity of ventricular recovery properties plays a major 
role, other surface recording techniques to detect the sub- 
strate for ventricular arrhythmias should be studied sepa- 
rately or in combination with QRST area mapping. Also, the 
results should be further validated by applying QRST area 
mapping to a larger number of patients prospectively after 
myocardial infarction. 
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